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Lunar Bulk Material Transport 

A bstvact 

A lunar base, like any construction site, will require a dump truck. It must be light, durable, 

strong, and reliable. 

The proposed dump truck, the 1 ,unar Bulk Material 'Transport (LRMT), has been designed to meet 

required performance characteristics while following given constraints. 

The LBMT is a four wheeled vehicle with a lift and rotate dump mechanism. The dump mech- 

anism employs a slider-crank which is driven by a power screw. The wheels are the mesh type used 

on the Lunar Rover. They are directly driven by a ncw type of AC electric motor. Energy to power 

all electric components is provided by fuel cells. Articulated steering is used for maneuvering the 

vehicle. 'The LBMT will be controlled by a microprocessor based control system, but will haw 

tele-operator override. 
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I 

Problem Statement 

Background 

It is not unreasonable in this day and age to imagine a permanent lunar colony. Ilowever, this is 

not an ordinary construction project. The lunar environment places many constraints on any type 

of system to be used there. In addition, several factors make it undesirable to use people to operate 

the equipment to construct such a base. ‘The LIIMT’s main function will be the transport of lunar 

”fill” from an excavation site to another, such as a processing facility. Thus in order to be useful to 

a lunar mission, it will need to meet certain performance objectives and constraints. 

Performance Objectives 

One piece of equipment that is common at any construction site is the dump truck. For a lunar 

version, some of the factors that must be considered are: 

1. Reliability- Since it will be impossible, or nearly impossible, to repair the vehicle, it should 

be as reliable as possible. 

2. Weight- The weight of the vehicle should be as low as possible because the cost of getting 

it there is related to how much it weighs and not on the physical size of the truck. 

3. Power- 

the weight, but also to allow a longer period between required servicings. 

The power that the vehicle requires should be as low as possible, not only to reduce 

4. Control- ‘Io be effective, the vehicle should have a fairly powerful microprocessor on board 

that is capable of controlling all phases of the vehicle operation. This processor should also 

be capable of responding to commands from a local controller (another microprocessor), or 

as a last resort, to on-line commands. 
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5. Dumping- The dumping mechanism must be able to rotate the bucket through an angle of 

110 degrees in order to satisfactorily dump its contents. During travel, the bucket should re- 

main as low to the ground as possible so as to lower the vehicles center of gravity. 

6. Speed- It is preferred that the vehicle travcl at or near 5 mph, however it will have an upper 

r2Ege nf !c! mph. 

7. Range- The range it will cover is 15 - 20 miles. 

8. Grade- 

results of the Lunar Rover. 

It should be able to handle a grade up to 20 degrees. This was determined through 

Constraints 

1. Size- Anything that is to be used on the moon must first be transported there. Since the 

shuttle will be used for this purpose, the vehicle will have to have an upper limit on its physical 

dimensions. 

2. Bucket- The shape of the bucket is fixed as a bowl shape, and it is assumed that no cuts, 

doors or other modifications can be made to it. 

3. Wheels- The diameter and width of the wheels are fixed relative to the size of the bowl. For 

example, if the bowl is 4 feet in diameter, then the wheels will be 6 feet in diameter and 1.5 feet 

wide. 

4. Temperature- 

cycle. Specifically, it should be able to handle a range from -120 deg. to + 120 deg. 

It must be capable of withstanding the temperature extremes of an entire lunar 
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Description of LBMT 

General Layout of Vehicle 

' E e  ve!??c!e QSPS a ~ r t i c ~ ! t e d  s!rseriig system, and so the chassis i s  divided into two frames. The 

front chassis houses the power generation and fuel storage section. Also in the front is the control 

section which houses the microprocessor that controls the vehicle. Into this section lead the wires 

which carry control information from every controlled component of the system. These compo- 

nents in the the rear section of the vehicle send their control signals through wires that come to- 

gether in a bundle that passes over the steering pivot. The rear chassis is essentially a tuning fork 

shaped frame to which the dumping mechanism and rear wheels are attached. The bucket is at- 

tached to the innermost bars of the dumping mechanism. The mechanism is actually a pair of 

linkages, one on each side. The linkage consist of a two bar slider-crank linkage used to lift and 

rotate the bucket to dump its contents. The dump mechanism is actuated by enclosed power-screws 

that are attached to the sliders. Once initiated, the bucket is simultaneously lifted and rotated 110 

degrees. The control system is a microprocessor capable of making limited judgements about the 

terrain, using touch sensors and a small radar. This system would accept commands from either 

the local controller or be controlled directly through an override system, thus allowing somewhat 

autonomous operation while still allowing direct control by a person if necessary. 

Power 

Several options for power sources would appear to be available to the average observer, but due to 

the nature of the lunar environment, many of these possibilities are not feasible nor practical for 

use on the 1,BMT. Initial power sources were conventional storage cells, solar arrays, nuclear re- 

actor, and fuel cells. conventional storage cells, such as batteries, were ruled out because its 

electrode life was too short in comparison to a fuel cell's electrode and so had to be replenished 

more frequently. Solar energy limits operation of the vehicle to lunar days and,in order to satisfy 

energy demands, an extremely large structure relative to the size of the vehicle would have to bc 
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built. Nuclear energy is not feasible due to its weight and the cost of transportation to the moon. 

The frnal selection for power was fuel cells. Fuel cells main advantages are its longer operating times 

between refueling (as compared to conventional cells), a higher output power per weight and vol- 

ume, and that it uses conventional fuels, such as Hydrogen and Oxygen, which are available on the 

moon’s surface, and its only main by-product is water. 

Motors and Power Transmission 

The LBMT is equipped with four motors each driving one of the 4 wheels. The curvilinear syn- 

chronous motor was chosen over a linear synchronous motor, DC series wound motor, or a DC 

brushless motor. It has the advantage of having an efficiency over 90%. The curvilinear motor 

has the added plus of operating at up to 25 rpm and high torque. 2000 ft-lb of torque per whcel 

will be needed for ascending inclines up to 20 degrees. The high torque output of tne motor, cou- 

pled with the ability to control the rpm, results in no necessary gearing. This is beneficial since 

gearing would require lubrication, a pressurized nitrogen atmosphere, and added controls. Since the 

motor operates at low rpm, there are no significant gyroscopic effects. Because the motor is separate 

from the wheel, the motor can be scaled up to produce more torque if necessary. It can be powered 

by DC fuel cells linked to a controller (see appendix). 

Dumping Mechanism 

The dumping mechanism is actually a pair of slider-crank type mechanisms, one on each side of 

the bucket. The slider part of the mechanism is an electric motor enclosed in a metal bellows that 

uses a power screw as its shaft. The screw itself is fixed to the frame, so when power is applied to 

the motor, it travels backwards due to the screw action. This particular part of the vehicle was 

probably the hardest part of the project for the design team to agree upon because of the number 

of other possible methods proposed. Ilowever, since this mechanism fulfilled the requirements of 

having the bucket as low as possible during tavel, and also met the requirement of 110 degree ro- 
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tation of the bucket, it was chosen over the others because both of these are met by the same dcvicc. 

The other methods that were proposed are: 

1. A method by which the entire vehicle rolled over. This method required eight wheels, and 

acomplished the dumping of the bucket (firmly attached to an "X"frame) by extending a sec- 

tion of the X frame. and thus allowing a set of wheels to climb up a rear set until the vehicle 

rolled onto a set of wheels that was simultaneously climbing down the front set. 

2. A design that had the bucket high enough to allow the bucket to be dumped by simple rota- 

tion. This design was determined to have too high a center of gravity for the travel mode and 

was rejected for that reason. 

3. Several standard methods such as hydraulic lifters. These were rejected because of the necessity 

of sealing the cylinders against the vacuum of space. 

4. A gravity dump was proposed, but was rejected for the same reason as the design that had the 

bucket higher than the center of gravity. Also, since most metals become brittle in a cold en- 

vironment, this design was suceptible to brittle fracture of the structure. 

Steering Mechanism 

The vehicle itself is an articulated machine, steered by pivoting the front section (or frontbox) about 

an axis that is between the front section and the dump. (see figure 1) At this pivot point, an electric 

motor is mounted with its shaft oriented vertically . On this shaft is a drum, which has a series of 

cables wrapped around it. These cables begin at one side of the frontbox, loop around the drum, 

and end at the other side of the frontbox. When the motor turns the drum, the cable feeds from 

one side while retracting on the other, thus turning the frontbox in the desired direction. The 

steering assembly is mounted on a short horizontal shaft that connects the front and rear chassis. 

This shaft allows the two frames to rotate with respect to each other eliminating the need for an 

elaborate suspension systcm. The assembly operates in a manner similar to a universal joint. 

IIowever, the range of rotation around the horizontal shaft must be limited to small rotations so 

that the vehicle does not collapse while turning. 
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Wheels 

The final selection of wheels for the LBMT were open mesh wheels. Their already proven design 

(as used in the Apollo mission) was an obvious choice for our application, and wheels of this kind 

have already been designed to allow for a capacity of up to two thousand pounds. Due to the nature 

of its construction, mesh wheels also allow for enough deflection that for our application (namely 

low speed) would not necessitate a suspension. Several other wheel designs were considered in- 

cluding closed mesh wheels and metal hoop type wheels. Metal hoop type wheels were used in the 

Soviet Lonokhod 1 mission and employed stackcd, flexible cylinders. Closed mesh wheels are sim- 

ilar to open mesh wheels but are covered by cloth like material. Reliability of this type wheel was 

decreased due to rips in this outer material. 

Braking 

Braking will be achieved through regenerative braking. Regenerative breaking simply takes the 

motor and turns it into a generator. A load on the generator (such recharging the fuel cells) causes 

the vehicle to slow down. The curvilinear motor is well suited for this. To change the motor to a 

generator, the control circuitry is simply switched. 

Analysis of LBMT 

Motors 

THE CURVILINEAR SYNCHRONOUS MOTOR (see figure 4) 

The curvilinear synchronous motor, as modeled by Dr. Davey at Georgia Tech, needs certain 

changes for use on the LBMT. It will need to be changed from an open design to a sealed assembly. 

This is so that the abrasive lunar dust will have minimal effects on the moving parts of the motor. 

In addition, having the motor sealed will shield the brittle magnets from impacts by moon rocks. 
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Originally, we planned to use aluminum alloy for the construction of the motor. This was quickly 

discarded since the motor parts had to have magnetic properties. Lubrication needs involve only 

the two bearings on the shaft of the motor. ‘The working model of the curvilinear motor has shown 

that it is very reliable. With design modifications, its weight can be considerably reduced. Heat 

generated by the motor will be radiated to the stator from which it will be conducted to the vehicle 

frame through the connection between the frame and stator. The curvilinear synchronous motor 

offers the advantage of being brushless which eliminates any problem of the brushes being con- 

taminated by oil from the thrust bcarings. Since the motor operates at up to 25 rpm, there are only 

minimal centrifugal stresses. The major costs involved in building this motor are the cost of the 

magnets, aluminum, fabrication, and labor. These costs become negligible when compared to the 

cost of transporting it to the moon. 

The existing model of the curvilinear motor as designed by Dr. Davey has the following charactcr- 

istics: 

torque= 30 ft-lb. @ 25 RPM 

weight = 100 lbs. for a 10” radius motor 

power consumption - 12 volts x 30 amps 

The torque is proportional to the radius squared. Also, the torque is proportional to the ampcragc 

into the motor. These figures must be used only to prove the effectiveness of the motor concept. 

The redesigned motor may show different values. It has not been constructed yet. 

Dumping Mechanism 

Because the bucket has a round shape, it was immediately recognized that it had to be turned at 

least 110 degrees to dump its entire contents. In addition to this, the bucket also has to be lited 

1.25 feet so that it does not hit the ground during the dumping movement. Another reason why 

this method was chosen over other possibilities is because the joints themselves can be replaced by 
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torsion bar, or bar springs, that have the advantage of eliminating the necessity of lubrication,and 

also allows the joints to be preloaded in the dump direction. This preload is desired because it 

would reduce the power requirements of the dump mechanism. With this information the length 

of the bucket arm of the linkage can be determined, and it turns out to be 1.33 feet. As for the 

coupler link, the angle between the coupler and the driven link should be greater than 45 degrees 

if binding of the joints is to be prevented (1). For the other end it was decided that it should not 

extend past the front of the frame. This effectively fixed the length of the coupler arm to 5.324 feet. 

The next thing to do was to approximate the required size of the members. The way this was done 

was to fmd the angles that the members would have to support the most load (see figures 2 and 

3). This was done at the beginning position, the end position, and a few positions in between. This 

position of maximum load turns out to be at the very beginning of the dump cycle. Using this 

value, and assuming that the coupler and bucket links are essentially columns. Using Eulers for- 

mula, assuming pinned-pinned ends, and allowing for a factor of safety of 2, the critical load for a 

column is; Pcr = 2(load) = 2(14928.215 lbs) = 29856.43 Ibs This value is then inserted into 

Euler’s formula, and the resulting equation solved for the moment of inertia I, which is then solved 

for the required diameter of a round bar to support the load. (3). This gives a value for the di- 

ameter of an aluminum bar of 1.2 inches. As for the power that the dumping mechanism will re- 

quire, it too can be found from the maximum load on the bar First the speed at which the power 

screw (or slider) will move must be specified. With a value of .078 feet per second (30 seconds for 

the full travel of the dump) the power that the dump will need to accomplish its task under the 

given load can be calculated by noting that the power is just the force timcs thc speed that it travels 

(2). 

Using this assumption the power that the dump willneed is; 

= 2,165.46 Ibs ftlsec. 

P =  (2)(14928.21bs)(.078 feetlsec) 

Fuel 

Since this design utilizes several components that are part of a currently developing technology, the 

exact power requirements of the vehicle are not known. However, for fuel cells the amount of 

power that can be generated can be found from the reaction of hydrogen and oxygen. the chemical 
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equation is; €I + 1/20-- > H 0 The electrical energy generated by this reaction is 200 kl per mole 

of €1 and this reaction generates 86 KJ of heat (4). For the dump mechanism, the power that it 

will require is about 3 J of energy per second. this works out to .015 moles of hydrogen and .0075 

moles of oxygen per second. The cntire motion Takes about 30 seconds, Translating into 0.225 

moles of oxygen and 0.45 moles of hydrogen.This is approximately 7.65 Kg of fuel to power the 

dump (this is an approximation because it does not inciude iowering the dumpj.As for iiie power 

needed to drive the motors, Since they are a new technology the power requirements are not 

known. 

2 2 

L 

Wheels 

Conclusions 

The Lunar Bulk Material Transporter operates in an extremely harsh environment. Temperatures 

in the lunar cycle vary from -120 to 120 degrees ,no atmosphere exists on the moon, traction is 1/6 

of that on earth whereas inertia remains the same as on earth, the exact nature and behavior of the 

lunar soil has not been tested yet, and the distance from the earth to the moon poses a communi- 

cation delay of several seconds. The vehicle designed has addressed many of the above problems, 

and solutions to them have been proposed in this report. The vehicle will be use an articulated 

steering powered by its own motor. Each of the wheels will be driven by its own motor. 

A two bar slider-crank will dump the contents of the bucket while rotating it through 110 degrees. 

Power to the entire system will be provided by a fuel cell arrangement. Control will take place 

through a microprocessor by an external operator. Although only in its initial design stage, the 

proposed setup of the vehicle will meet the performance objectives and constraints. 
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Recommendations 

This design provides a stepping stone for further inquiry into the feasibility of building a dump 

truck for the moon. In order to continue the design we recommend that an in depth study be 

conducted on several systems of the vehicle. 

1. 

2. 

3. 

4. 

Curvilinear Motors- this concept as developed by Dr. Davey at Georgia Tech, was beyond the 

scope of this class. It is recommended that the performance charateristics of these motors be 

studied at various sizes, and that some lightweight design of the motor's structure be developed. 

Chassis and Steering mechanism- it is recommended that a structural analysis of the chassis 

be done. The steering mechanism's pivot point needs to be designed in detail giving it the two 

degrees of freedom as required for the articulated steering design. 

Wheels- Further research into the actual structural design of the wheels must be accom- 

plished. The extremely high density of lunar soil will require the wheels to handle up to 2000 

Ibs each (this weight corresponds approximately to the largest possible design of the dump 

vehicle - in moon pounds). 

Fuel Cells- information needs to be gathered on the exact fuel cell(s) to be used for this par- 

ticular application. A Hydrogen/Oxygen fuel cell appears to be the choice at this time, but 

future technology may provide a more efficient and smaller unit. Since it is envisioned that the 

vehicle will provide many hours of service, we recommend that a reliable and save way of re- 

fueling the fuel cells also be developed. 
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Appendices 

Control System for the Curvilinear Synchronous Motor 

On the pages that follow, thc control system is shown for the curvilinear synchronous motor. Al- 

though the motors used on the LRMT will be of different design than the existing prototype, they 

will require the same control scheme. 
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The 6809 processor, (p.B), drives the programmable timers (p.D). The bottom timer outputs a 

square wave with a frequency of 16 kHz. The signal travels to the upper timer which updates the 

pulse width. 

The output from the upper timer then enters the LSM Power Module Interface (p.E). The 12v 

modules output the signal through 6 optical isolators and then enters the 6 MOSFETs, which are 

all driven by the upper timer. The signal output then drives each of two MOSFETs, (p.F), one for 

the positive side of the motor and one for the negative side. These power the motor. Since it is a 

three phase motor, it requires three sets of LSM Power Modules, one per phase. Lastly, the Inter- 

face Adapter, (p.G) provides feedback into the processor and tells the control where the motor is 

by using an optical sensor. 
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Wintek 6809 Control Module 
7.0 Schematics 6 P a r t s  L i s t  

X X - 4 1  

Chapter  7 

Schematics & Parts  L ist  

This chapter contains a list of all parts installed on the 
Control Module, a parts placement diagram, and a schematic f o r  
the module. 

7.1 P a r t s  L i s t  

All resistors are 0.25 watt, ten percent tolerance, unless 
otherwise specified. All capacitors are ceramic, 50 v o l t ,  twenty 
percent tolerance, unless otherwise specified. 

Integrated Circuits 
U1 - 6809 
U2 - 28-pin DIP socket 
U3 - 28-pin D I P  or KAM 
U4 - 28-pin D I P  or RAM 
US - 28-pin D I P  or RAM 
U6 - 6821 
U7 - 6821 
UB - 6850 
U9 - 6U50 or 6852 
U10 - PALlOL8 
U11 - 1488 
U12 - 1489. 
U13 - 1489 
U14 - 4040 
U15 - 74LS161 or 74LS163 
U16 - 4001 
U17 - 4024 
U18 - 74LSlO 

Res is tor s 
R1 - IM ohm 
R2 - 10K ohm 
R3 - 1OK ohm 
R4 - 10K ohm 
R5 - 10K ohm 
R6 - 10K ohm 
R7 - 10K ohm 
R8 - 10K ohm 
R9 - 4.7K ohm ( S I P )  

Capacitors 
C1 - 4.7 UF 16V tant 
C2 - 0.1 UF 
C3 - 4.7 uF 16V tant 
c4 - 0.1 uF 

. C5 - 4.7 uF 16V tant 
C6 - 0.1 uF 
C7 - 24 pF 
C8 - 24 pF 
CY - 0.1 uF 
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7.1 P a r t s  L i s t ;  

Transistor 
01 - 2N3903 

Connectors 
SI - 2 6 - p i n  header 
S2 - 26-p in  header 
S3 - SO-pin header 

7 . 2  P a r t s  Plecerncnt 

xx-42 

C r y s t a l  
Y 1  - 4 .0  Eillz c r y s t a l  

Jumpe 1: Areas 
J1 - 2x6 header 
5 2  - 2 x 6  h e a d e r  
53 - 4x12  header  
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Lunar Dump Truck 

( Licnar Bulk Material Transport ) 

William L. Jones 

Earl Smith 

Erik Green 

Since this is the initial report, the progress that has been made to this point 

is primarily organizational. the items that are already accomplished are; 

1. The team has set up two meetings a week. The first meeting is a t  7:OO P.M. 

Monday, where we will discuss the items to be done during the week. The 

second meeting is a t  4:OO P.M. Friday where any new, or pertinent, informa- 

tion gathered during the week will be discussed. 

2. The team discussed the problem statement, and brainstormed about what the 

essential characteristics a lunar dump truck should have. The list generated 
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by this meeting was narrowed down to what we percieved as the bare mini- 

mum, from which a rough draft was written. 

3. Finally, we discussed possible avenues of research, and what types of infor- 

mation will be needed to begin the design. 
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Progress Report 

Week 2 

1. William L. Joncs 

2. Earl Smith 

3. Erik Green 

4. Andy McHenry 

October 8, 1987 

To date, wc havc proposcd and discussed several preliminary designs for thc 

LBMT,  and havc a dcsign which wc will pursue. For this design, the following 

areas have becn idcntificd as areas whcrc the bulk of the research will be con- 

cen trated. 

1. Lunar Surface Analysis- Since the characteristics of the lunar surface willbe 

a factor in the dcsign of the wheels, these characteristics will be researchcd in 

order to determine an optimum profile for traction. Also, the typical density 
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of the lunar regolith will bc determined so the size of the transport can be 

optimized. 

2. Suspension Sytems-- The initial concept of the transport consists of a 

scissor-like truss, and since this will be a ”heavy lift” vehicle, much of the re- 

search will be in this area. 

3. Power Systems-- We ave detcrmined that the transport will be powered by a 

fuel cell/ integral electric motor combination, which will be researched as 

much as possible from existing reference materials. However, some (or most) 

of the information in this area will come from a Dr. Kent Davey, who is a 

professor in the clectrical engineering department. 
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Progress Report 

1. William L. Joncs-Rescarching metal properties and structure 

2. Ear! Smith-surface studies and wrote progress report 

3. Erik Green-researching wheel dcsign 

4. Andy McHenry-researching skelton mode! and power transmission 

This week we looked into the suspcnsion dcsign, lunar geology, properties of metals. Because 

of the discussion at our tcam mceting on October 15, 1987 we are starting to keep notes of 

the ideas that we have come up with so wc can better answer why we choose the model the 

we had choose or so the others will know the ideas that we obtained. 

The biggest task wc undcrtook was the design of the dumptrunk. Throughout thc quartcr 

we have talkcd about using six wheels to using a lift mechanism (where the truck has four 

wheels). One worry that was expressed with six wheels was the friction between the whcels. 

When we thought about four wheels, we then talked about the many ways we could hold the 

bowl while the dumping takes place. 

Another concern that was expressed was where would the motors and fuel system be placc 

and where would our backup systcm be placed. For right now we decided to make as much 
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room as possible to put thc fuel systcm, motor, and backup system at the same elevation. 

Howevcr, since we just thought about it, this idea is by no means finalized. 
r 

Since we have spcnt a lot of time on the previous ideas, we have not gone'into depth into the 

robotics and spring mass damping systcm of our projcct. Probably the best way for us to 

rcsearch information is to start looking at old class notes on the spring mass damping systctn 

then go to the library and research the topic on a larger scale. For the information on 

robotics, wc mercly looked through books on the subject in order to help us come up with 

some morc ideas. 
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Progress Keport 

Week 4 

1. William L. Jones-Learning to use CAD for doing drawings 

2. Earl Smith-looked into lubrication and bearings 

3. Erik Grecn-researching wheel design and energy supply; time schedule 

4. Andy McHenry-researched motor and power transmission 

William L Jones is currently is learning to use the cadkey program in the me department be- 

cause it docs have the ability to do threc dimensional views. However, the documcntation 

on this aspect if the program is somewhat unclear. Also is doing the research on the dump 

mechanism and overall structure of the chassis. 

Erik Grecn is rcsearching wheel design and vehicle energy requirements. Currently we have 

two choices for the wheel design; mesh wheels ormetal hoop wheels. Several choices also exist 

for the energy supply; conventional battery storage, solar energy, nucIear energy, fuel cells and 

a flywheel storage system. Most are useless due to size, cost, or other factors. The choice has 

been narrowed down to either fuel cells, or the flywheel system. Also prepared a time schedule 

for the remainder of the project. 
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Earl Smith Is currently looking into possible methods for lubrication of the linkage joints. 

For this, he is researching diffcrent types of bea rings (space, journal, thrust, and sealed) and 

the low ternpcrature proper tics of some possible lubricants. He is also looking into the soil 

mechanics of the moon's surface. 

Andy McI-Ienry is concerned mainly with the electric motors that will be used on the LBMT. 

He will bc meeting with I>r. Kent Davcy on October 23 to discuss the uses and limitations 

of integral elcctic motors. Concerning the power requirements of the vehicle, the group is 

strongly in favor of each wheel having a motor, some or all of which will be used to drive the 

dump mechanism. Some considcrations about the motors are; 

1. Power Requirements 

2. Output Torquc--we need high torque at low rpm 

3. Gearing if necessary 

4. Dust and dirt contamination 

5. Ishication 

6.  Lift: and reliabilty 

7. Weight 

8. Adaptability to other machines 
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Progress Report 

Week 5 

1. William L. Jones-Using CAD and working on structure 

2. Earl Smith- Automation, robotics, and lubrication 

3. Erik Green- Wheel design and energy supply 

4. Andy McHenry- motor and power transmission 

William L,. Jones- Iksearching materials to use to construct the truss that will support the 

bucket. He has narrowed it down to an aluminum or nickel alloy. Certain other alloys such 

as titanium alloys would probably save more weight in the overall design, but the cost of these 

alloys is prohibitive. He is also working on the CADKEY system and has found that the 3D 

capabilities of this system arehard to use. Also, he is working on the kinematics of the 

dumping mechanism and the truss structure of the vehicle. We feel that a dumping mech- 

anism which incorporates the use of the moon’s gravity to help the dump action is preferrable. 
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Erik Green- Erik is concluding the research on the design of the wheels. From l i s  rcsearch, 

we feel that mesh wheels (used for the U.S. Lunar Rover) have more load carrying capability 

than the metal hoop wheels (used in the Soviet vehicle). They also allow for greater deflection 

with better traction. Erik is now researching the energy source for the vehicle. We are leaning 

towards the use of fuel cells because Erik's preliminary research indicates that they operate 

longer, havc a higher output for a gven weight, and use conventionai gasscs for fueis. Nso, 

these fucls can be recovered and used again. 

Andrew McHenry- We arc still planning to use articulated steering on our vehicle. We will 

most likely incorporate onc motor per whcel. Andy has met with Dr. kent Davey in Electrical 

Engineering to discuss his curvilinear motor. A representative model has the following spec- 

ifications: 

1. 

2. 

5. 

torque= 30 ft-lbs. at 25 rpm 

weight = 100 lbs. for a 10" radius 

power consumption: 360 VA 

Earl Smith- I-IC is currently researching automation and robotics. This information will be 

used in the control systems sincc we plan on having it controlled internally as well as from 

earth. In addition, some sort of sensor systems will be required to provide fccdback. This 

feedback will be necessary in thc dumping operation, as well as local control and the earth 

control systcms. He is also continuing to research lubrication considerations. Earl plans to 

meet with Dr. W.O. Wincr in Mechanical Engineering. 
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Progress Report 

Week 6 

1. William L. Jones-Using CAD and working on structure 

2. Earl Smith- Automation, robotics, and lubrication 

3. Erik Green- Wheel design and energy supply 

4. Andy McMenry- motor and power transmission 

William L. Jones- Ile is wworking on the truss structure of the vehicle,working on the 

dumping mechanism and learning to use the CADKEY system. Concerning the CADKEY 

system, he is well along the learning curve, and is begining to produce some exceptional 3-D 

drawings of some of the proposed designs. As for the truss structure and dumping mech- 

anism, he will be discussing these topics with Dr. Lipkin Friday, November 6. 

Erik Green- Erik is now researching the energy source for the vehicle. We are leaning towards 

the use of fuel cells because Erik’s preliminary research indicates that they operate longer, 
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have a higher output for a given weight, and use conventional gasses for fuels. Also, these 

fuels can be rccovered and used again. Since it appears that the vehicle will have a large power 

requirement, fuel cells are the logical choice. 

Andrew McHenry- He is researching the design factors involved in the design of the integral 

motors that will be used in thc vchicle. However, since actual engineering data is somewhat 

limited due to the relativc newness of integral motors, he is planning to take a trip to the 

Veterans Administration Hospital in Decatur to look at an/the existing prototype. The peo- 

ple there who are involved with the testing of the motor should be an invaluablc source of 

information. 

Earl Smith- He is continuing his research into robotics/automation. Although the vehicle will 

not need what is normally thought of as "robotics#, it will need a fairly large set of sensing 

instruments, some of which can be broadly grouped under robotics. His research into this area 

is initially concerned with identifying those sensing instruments which are essential for remote 

operation of the LBMT. 

He is currently researching automation and robotics. This information will be used in the 

control systems since wc plan on having it controlled internally as well as from earth. In ad- 

dition, some sort of sensor systems will be required to provide feedback. This feedback will 

be necessary in the dumping operation, as well as local control and the earth control systems. 

He is also continuing to research lubrication considerations. Earl plans to meet with Dr. W.O. 

Wmer in Mcchanical Engincering. 
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Progress Report 

Week 7 

1. William L. Jones- dimensions of the dumping linkage 

2. Earl Smith- Automation, robotics, and lubrication 

3. Erik Green- Wheel design, energy supply, and trade studies 

4. Andy McHenry- motor, power transmission, and trade studies 

William L. Jones- Ile came up with approximate dimensions of the linkages . 

used in the dumping mechanism. Me is going to analyze this linkage design on CATIA 

system, which can analyze the positional kinematics of the dump. He will be working with 

Earl on the digital aspects of the vehicle controls. 

Erik Green- Erik is continuing his research on the energy source for the vehicle. We are 

learthg the use of fuel cells because Erik's preliminary research indicates that they operate 

longer, have a higher output for a given weight, and uses conventional gasses for fuels. Also, 
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these fuels can be recovered and used again. Since it appears that the vehicle will have a large 

power requirement, fuel cells are the logical choice. Also, he is putting together graphs for 

the trade studies. 

Andrew McI-Ienry- Ne is researching the dcsign factors involved in the design of the integral 

motors that will be used in the vehicle. He is planning to take a trip to the Veterans a trip 

to the Veteran's Administration Hospital in Decatur on Friday, Nov ember 13, 1987 to dis- 

cuss the existing prototype. From this information w e will utilize trade studies to determine 

the best size motor to use. He will also be looking at vendor catalogues for the proper thrust 

bearings to use in the motor assembly. 

Earl Smith- 

He is currently researching automation and robotics. This information will be used in the 

control systems since we plan on having it controlled internally as well as from earth. In ad- 

dition, some sort of sensor systems will be required to provide feedback. This feedback will 

be necessary in the dumping operation, as well as local control and the earth control systems. 

He is also continuing to research lubrication considerations. Earl plans to meet with Dr. W.O. 

Winer in Mechanical Engineering. Also, he is familiarking himself with the CADKEY sys- 

tem. 
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Week 8 

1. Willi 

Progress Report 

nes- dimension m L. J of the dumping linkage 

2. Earl Smith- Automation, robotics 

3. Erik Green- Wheel design, energy supply, and trade studies 

4. Andy McIienry- motor prototype design and sizing 

William L. Jones- He has written a small computer program that calculates the position of 

the joints in the linkage throughout the range of motion. Using this program, the following 

lengths for the links was determined; 

bucket l i i  = 4.5 feet 

angle link = 3.25 feet with a 2.5 foot arm at an angle 

of 45 degrees 

lower connecting link = 2.2 feet 

upper connecting link = 3.0 feet 
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Also, I managed to get into this screwball computer from my computer. I should have tried 

to do this a long time ago. this is something that i a m  typing so i can see if it will really work. 

He has also determined the maximum size of the vehicle using the 7.5 foot radius of the 

shuttle as a limiting factor. 

Erik Green- Since we have a maximum size fore the vehicle, he is working on finding the 

number and size of fuel cells we will need. Ne has looked in the vendor catalogs for data on 

fuel cells, but not much is available. He is going to look at the previous reports for more info. 

He is also continuing to work on the trade studies to see if there are any other limiting factors. 

Andrew McHenry- He has met with David Ross at the VA Hospital and examined the ex- 

isting prototype of Dr. Davey’s Curvilinear Motor. There are many changes which will need 

to be made so that it will be useable on the Lunar Bulk Material Transport. The primary 

benefit in the use of this motor is its high efficiency. This will be very important in lunar ap- 

plications since energy is limited and adds weight to the vehicle. 

Earl Smith- Since it appears that we won’t have very many truly robotic sytems in the design, 

he is looking more for sensors than anything else. He is also working on the control systems. 
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